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Îáñóæäàåòñÿ ïðîáëåìà ïîëó÷åíèÿ óçêîïîëîñíîãî áèîòîííîãî ïîëÿ â ïðîöåññå ñïîí-
òàííîãî ïàðàìåòðè÷åñêîãî ðàññåÿíèÿ ñâåòà â êâàäðàòè÷íîé íåëèíåéíîé ñðåäå, íàõîäÿùåé-
ñÿ â ðåçîíàòîðå. Èçìåðåíà êîððåëÿöèîííàÿ óíêöèÿ âòîðîãî ïîðÿäêà áèîòîííîãî ïîëÿ,
ñîçäàâàåìîãî ïàðàìåòðè÷åñêèì ãåíåðàòîðîì ñâåòà, ðàáîòàþùèì íèæå ïîðîãà ãåíåðàöèè.
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Ââåäåíèå
Êîððåëèðîâàííûå ïàðû îòîíîâ, èëè áèîòîíû [1℄, ðîæäàþùèåñÿ â ïðîöåññå
ñïîíòàííîãî ïàðàìåòðè÷åñêîãî ðàññåÿíèÿ (ÑÏ) ñâåòà â íåëèíåéíîì êðèñòàëëå,
øèðîêî èñïîëüçóþòñÿ â ñîâðåìåííîé êâàíòîâîé îïòèêå ïðè ïðîâåäåíèè ýêñïåðè-
ìåíòîâ ïî ðàçëè÷íûì íàïðàâëåíèÿì êâàíòîâîé èíîðìàòèêè, à òàêæå ïî êâàí-
òîâîé ëèòîãðàèè è êâàíòîâîé ìåòðîëîãèè (ñì. îáçîðû [2, 3℄). Äâóõîòîííûé
õàðàêòåð èçëó÷åíèÿ ÑÏ ÿâëÿåòñÿ ãëàâíîé îñîáåííîñòüþ äàííîãî ÿâëåíèÿ è ëå-
æèò â îñíîâå âñåõ åãî ïðèëîæåíèé. Â ÷àñòíîñòè, ÑÏ èñïîëüçóåòñÿ äëÿ ïîëó÷åíèÿ
îäíîîòîííûõ âîëíîâûõ ïàêåòîâ  îñíîâíûõ íîñèòåëåé (ïåðåíîñ÷èêîâ) êâàíòîâîé
èíîðìàöèè â ñîâðåìåííûõ ñèñòåìàõ êâàíòîâîé ñâÿçè [48℄. Âòîðîé îòëè÷èòåëü-
íîé îñîáåííîñòüþ ÑÏ ÿâëÿåòñÿ øèðîêèé íåïðåðûâíûé ñïåêòð, íå ñâÿçàííûé
íåïîñðåäñòâåííî ñ ñîáñòâåííûìè ÷àñòîòàìè âåùåñòâà. Åñëè ïåðâàÿ îñîáåííîñòü
ÿâëÿåòñÿ ïðèíöèïèàëüíûì ìîìåíòîì, îáóñëîâëèâàþùèì èíòåðåñ ê ÑÏ âîîáùå,
òî òèïè÷íîå çíà÷åíèå øèðèíû ñïåêòðà áèîòîííîãî ïîëÿ ïîðÿäêà ñîòåí ö ìî-
æåò áûòü êàê ïðåèìóùåñòâîì, òàê è íåäîñòàòêîì. Ñ îäíîé ñòîðîíû, ÷åì øèðå
ñïåêòð áèîòîííîãî ïîëÿ, òåì áîëüøå, íàïðèìåð, äèàïàçîí äëèí âîëí, â ïðåäå-
ëàõ êîòîðîãî ìîæíî ïðîâîäèòü èçìåðåíèÿ ñïåêòðîâ ïîãëîùåíèÿ ìåòîäîì áèî-
òîííîé ñïåêòðîñêîïèè
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[911℄. Ñ äðóãîé ñòîðîíû, ýåêòèâíîñòü âçàèìîäåéñòâèÿ
øèðîêîïîëîñíûõ îäíîòîííûõ âîëíîâûõ ïàêåòîâ ñ ðåçîíàíñíûìè ñðåäàìè, ëèíèè
ïîãëîùåíèÿ êîòîðûõ èìåþò øèðèíó îò íåñêîëüêèõ ö äî äåñÿòêîâ êö, ÿâëÿåòñÿ
êðàéíå íèçêîé. Îäíàêî èìåííî òàêîå âçàèìîäåéñòâèå ëåæèò â îñíîâå óíêöèî-
íèðîâàíèÿ öåëîãî ðÿäà ñõåì êâàíòîâîé îïòè÷åñêîé ïàìÿòè, îðèåíòèðîâàííûõ íà
çàïèñü è âîñïðîèçâåäåíèå îäíîîòîííûõ ñîñòîÿíèé ñâåòà. Óñòðîéñòâà êâàíòîâîé
ïàìÿòè ÿâëÿþòñÿ íåîáõîäèìûì ýëåìåíòîì êâàíòîâûõ ïîâòîðèòåëåé è îïòè÷åñêèõ
êâàíòîâûõ êîìïüþòåðîâ. Ñ ýòîé òî÷êè çðåíèÿ àêòóàëüíîé è ïðàêòè÷åñêè çíà÷èìîé
ÿâëÿåòñÿ çàäà÷à ïîâûøåíèÿ ÿðêîñòè ÑÏ, òî åñòü ÷èñëà îòîíîâ, ãåíåðèðóåìûõ â
åäèíèöó âðåìåíè è â åäèíèöó ñïåêòðàëüíîãî èíòåðâàëà.
Äëÿ òîãî ÷òîáû ñóçèòü ñïåêòð ÑÏ è îäíîâðåìåííî ñîõðàíèòü èëè äàæå óâå-
ëè÷èòü ïîëíóþ ñêîðîñòü ãåíåðàöèè áèîòîíîâ, ìîæíî ïîìåñòèòü íåëèíåéíûé êðè-
ñòàëë â ðåçîíàòîð [12℄. Âíóòðè ðåçîíàòîðà ñêîðîñòü ãåíåðàöèè áèîòîíîâ âîçðàñòà-
åò ïðîïîðöèîíàëüíî êâàäðàòó ðåçêîñòè ðåçîíàòîðà, à ñïåêòðàëüíàÿ øèðèíà áèî-
òîííîãî ïîëÿ ìîæåò áûòü ñíèæåíà äî âåëè÷èíû ïîëîñû ïðîïóñêàíèÿ ðåçîíàòîðà.
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Ïðè íåèçìåííîé îðèåíòàöèè íåëèíåéíîãî êðèñòàëëà.
132 À.À. ÊÀËÀ×Â È Ä.
Ýòè îñîáåííîñòè ïîçâîëÿþò ñîçäàâàòü ýåêòèâíûå èñòî÷íèêè êàê äâóõîòîí-
íûõ [13, 14℄, òàê è îäíîîòîííûõ ñîñòîÿíèé ñâåòà [15, 16℄, ñïåêòðàëüíàÿ øèðèíà
êîòîðûõ ñîñòàâëÿåò ïîðÿäêà Ìö. Óêàçàííûé ñïîñîá ïîâûøåíèÿ ÿðêîñòè ÑÏ
õîðîø åùå è òåì, ÷òî ðåçîíàòîð îñóùåñòâëÿåò íå òîëüêî ñïåêòðàëüíóþ, íî è ïðî-
ñòðàíñòâåííóþ ñåëåêöèþ ìîä, òàê ÷òî äîïîëíèòåëüíîé èëüòðàöèè ïî íàïðàâëå-
íèþ íå òðåáóåòñÿ.
1. Òåîðèÿ
àññìîòðèì ïàðàìåòðè÷åñêèé ãåíåðàòîð ñâåòà (ÏÑ) ñ îòðèöàòåëüíûì îäíî-
îñíûì êðèñòàëëîì, êîòîðûé õàðàêòåðèçóþòñÿ êâàäðàòè÷íîé íåëèíåéíîñòüþ χ(2)
è âûðåçàí ïîä óãëîì ñèíõðîíèçìà òèïà I. Ñèíõðîíèçì òèïà I (eoo-ñèíõðîíèçì)
îçíà÷àåò, ÷òî ïîëÿðèçàöèÿ ïîëÿ íàêà÷êè äîëæíà ñîîòâåòñòâîâàòü íåîáûêíîâåííîé
âîëíå, à ïîëÿðèçàöèÿ ðîæäàþùèõñÿ îòîíîâ  îáûêíîâåííîé. Â êà÷åñòâå ðåçîíàòî-
ðà âîçüìåì êîíîêàëüíûé ðåçîíàòîð, îáà çåðêàëà êîòîðîãî ÿâëÿþòñÿ ïðîçðà÷íûìè
íà ÷àñòîòå âîëíû íàêà÷êè è âûñîêî-îòðàæàþùèìè íà ÷àñòîòàõ ðàññåÿííîãî ñâåòà.
Òàêèì îáðàçîì, ðàññìàòðèâàåìûé ÏÑ ÿâëÿåòñÿ äâóõðåçîíàòîðíûì. Äëÿ ïðîñòîòû
áóäåì ñ÷èòàòü, ÷òî óãëîâàÿ ðàñõîäèìîñòü îñíîâíîé ïîïåðå÷íîé ìîäû ðåçîíàòîðà,
îïðåäåëÿåìàÿ ðàçìåðîì ïåðåòÿæêè, ñîâïàäàåò ñ ðàñõîäèìîñòüþ ÑÏ â êðèñòàëëå â
îòñóòñòâèå ðåçîíàòîðà. Äðóãèìè ñëîâàìè, ðåçîíàòîð íå îñóùåñòâëÿåò óãëîâóþ ñå-
ëåêöèþ ìîä. Êðîìå òîãî, ïðåäïîëîæèì, ÷òî íåëèíåéíàÿ ñðåäà çàíèìàåò âåñü îáúåì
ðåçîíàòîðà, à îáëàñòü âçàèìîäåéñòâèÿ ìîä ïîëÿ õàðàêòåðèçóåòñÿ ÷èñëîì Ôðåíåëÿ,
íàìíîãî áîëüøèì åäèíèöû. Òîãäà ïðè ðàñ÷åòå ìîæíî èñïîëüçîâàòü ñòàíäàðòíîå
ïðèáëèæåíèå áåñêîíå÷íî øèðîêîé ñðåäû, ïðèâîäÿùåå ê óãëîâîé êîððåëÿöèè î-
òîíîâ, ðîæäàþùèõñÿ â ïðåäåëàõ îäíîé ïîïåðå÷íîé ìîäû ðåçîíàòîðà.
àññìàòðèâàÿ ñïîíòàííîå ïàðàìåòðè÷åñêîå ðàññåÿíèå, ðàçóìíî ñðàçó ïðåäïîëî-
æèòü, ÷òî âåðîÿòíîñòü äâóõîòîííîãî ðàñïàäà çà âðåìÿ æèçíè îòîíà â ðåçîíà-
òîðå ìàëà, ÷òî ñîîòâåòñòâóåò íàêà÷êå ÏÑ ñóùåñòâåííî íèæå ïîðîãà ãåíåðàöèè.
Òîãäà ãàìèëüòîíèàí âçàèìîäåéñòâèÿ ìîæíî çàïèñàòü â ñëåäóþùåì âèäå:
H = ε0χ
(2)
∫
d3rE(+)p (r, t)Eˆ
(−)(r, t)Eˆ(−)(r, t) + ý.ñ., (1)
ãäå E
(+)
p (r, t) = E0 exp(i(kpr− ωpt))  ïîëå êëàññè÷åñêîé âîëíû íàêà÷êè è
Eˆ(−)(r, t) = −i
∫
d3kE(k)a†(k) e−i(kr−ω(k)t)
åñòü îïåðàòîðû ïîëÿ, ñîîòâåòñòâóþùèå ìîäàì ðàññåÿííîãî ñâåòà:
E(k) =
M(k)
(2pi)3/2n(k)
√
~ω(k)
2ε0
, |k| =
ω(k)n(k)
c
, (2)
n(k)  ïîêàçàòåëü ïðåëîìëåíèÿ ñðåäû äëÿ îáûêíîâåííîé âîëíû, c  ñêîðîñòü ñâåòà
â âàêóóìå, à ìíîæèòåëè
M(k) =
√
cγ/Ln(k)
(ω(k)− ω¯(k))2 + γ2
(3)
ó÷èòûâàþò ñâÿçü îïåðàòîðîâ ïîëÿ âíóòðè ðåçîíàòîðà ñ îïåðàòîðàìè ïîëÿ ñíàðó-
æè ðåçîíàòîðà [17℄. Çäåñü γ  ñêîðîñòü çàòóõàíèÿ àìïëèòóäû ïîëÿ â ðåçîíàòîðå,
êîòîðàÿ ïîëàãàåòñÿ îäèíàêîâîé äëÿ âñåõ ìîä, L  ðàññòîÿíèå ìåæäó çåðêàëàìè è
ω¯(k)  ÷àñòîòà ïðîäîëüíîé ìîäû ðåçîíàòîðà, êîòîðàÿ ÿâëÿåòñÿ áëèæàéøåé ê ìîäå
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ω(k) . Ôîðìóëà (2) çàïèñàíà â ïðèáëèæåíèè ðàâåíñòâà àçîâîé è ãðóïïîâîé ñêîðî-
ñòè ñâåòà â ñðåäå, à îðìóëà (3) ñïðàâåäëèâà äëÿ ðåçîíàòîðà ñ ðåçêîñòüþ, ìíîãî
áîëüøåé åäèíèöû, ÷òî è áóäåò ïîäðàçóìåâàòüñÿ â äàëüíåéøåì.
Ïðåäïîëîæèì, ÷òî âîëíîâîé âåêòîð íàêà÷êè kp íàïðàâëåí âäîëü îñè z ñèñòåìû
êîîðäèíàò, ñîâïàäàþùåé ñ îñüþ ðåçîíàòîðà, è îáîçíà÷èì ÷åðåç k
′
z , k
′′
z è k
′
⊥ , k
′′
⊥
ïðîäîëüíûå è ïîïåðå÷íûå ñîñòàâëÿþùèå âîëíîâûõ âåêòîðîâ ìîä ðàññåÿííîãî ñâåòà
ñîîòâåòñòâåííî. Â ïåðâîì ïîðÿäêå òåîðèè âîçìóùåíèé, èñïîëüçóÿ (1), ñòàíäàðòíîå
ïðèáëèæåíèå áåñêîíå÷íî øèðîêîé íåëèíåéíîé ñðåäû (÷èñëî Ôðåíåëÿ îáëàñòè âçà-
èìîäåéñòâèÿ ìîä íàìíîãî áîëüøå åäèíèöû) è ïðèáëèæåíèå ïî÷òè âûðîæäåííîãî
ÑÏ, ïîëó÷àåì ñëåäóþùèé âåêòîð ñîñòîÿíèÿ ïîëÿ:
|ψ〉 = |va〉 −
i
~
∫ ∞
−∞
dtH |va〉 =
= |va〉+
iε0χ
(2)(2pi)3LE0n(ω0)
c~
∫
d3k′⊥
∫
dΩ′E(ω0 +Ω
′)E(ω0 − Ω
′)×
× sin
[{
k′⊥
2
k0
−D′′Ω′
2
}
L
2
]
a†(ω0 +Ω
′,k′⊥)a
†(ω0 − Ω
′,−k′⊥)|va〉,
ãäå ω′ = ω0 +Ω
′
, D′′ =
d2k′
dω2
|ω0 , k0 = k(ω0) , ω0 = ωp/2 .
Èñïîëüçóÿ ïîëó÷åííîå âûðàæåíèå, íàõîäèì ñðåäíåå ÷èñëî îòîíîâ N(ω0 +
Ω,k⊥) = 〈ψ|a†(ω0 +Ω,k⊥)a(ω0 +Ω,k⊥)|ψ〉 , ãåíåðèðóåìûõ â îäíó ìîäó ïîëÿ, êîòî-
ðàÿ õàðàêòåðèçóåòñÿ ïîïåðå÷íûì âîëíîâûì âåêòîðîì k⊥ è ÷àñòîòíîé îòñòðîéêîé
Ω ≡ ω − ω0 :
N(ω0 +Ω,k⊥) =
(
χ(2)LE0ω0
2c
)2(
cγ/L
f(ω0 +Ω)
2 + γ2
)(
cγ/L
f(ω0 − Ω)
2 + γ2
)
×
× sin2
[{
k⊥
2
k0
−D′′Ω2
}
L
2
]
, (4)
ãäå f(ω) = ω − ω¯(ω) , ω¯(ω)  ÷àñòîòà ïðîäîëüíîé ìîäû ðåçîíàòîðà, êîòîðàÿ ÿâëÿ-
åòñÿ áëèæàéøåé ê ω . ßñíî, ÷òî ãåíåðàöèÿ âîçìîæíà ëèøü â òå ìîäû ïîëÿ, äëÿ
êîòîðûõ âûïîëíÿåòñÿ ñîîòíîøåíèå |f(ω0 +Ω)| , |f(ω0 −Ω)| < γ . Ïîñêîëüêó ñïåêòð
÷àñòîò ÏÑ ÿâëÿåòñÿ íåýêâèäèñòàíòíûì èç-çà äèñïåðñèè ïîêàçàòåëÿ ïðåëîìëåíèÿ,
óêàçàííîå ñîîòíîøåíèå âûïîëíÿåòñÿ ëèøü äëÿ íåêîòîðûõ ïðîäîëüíûõ ìîä, îáðà-
çóþùèõ ãðóïïû (êëàñòåðû), áëèçêèå ïî ÷àñòîòå. Â ðåçóëüòàòå ñïåêòð ÑÏ òàê-
æå îáëàäàåò êëàñòåðíîé ñòðóêòóðîé [12℄, ÷òî õàðàêòåðíî äëÿ ìíîãîðåçîíàòîðíûõ
ÏÑ. Â ñëó÷àå âûñîêîé äîáðîòíîñòè, êîòîðûé íàìè è ðàññìàòðèâàåòñÿ, äâîéíîé
ðåçîíàíñ âîçìîæåí ëèøü â ïðåäåëàõ îäíîãî êëàñòåðà ñ öåíòðàëüíîé ÷àñòîòîé ω0 ,
ñîäåðæàùåãî, â ñëó÷àå ñèíõðîíèçìà òèïà I, ïîðÿäêà 10 ìîä.
Ìàêñèìàëüíîå çíà÷åíèå N(ω0 +Ω,k⊥) äîñòèãàåòñÿ â âûðîæäåííîì êîëëèíåàð-
íîì ðåæèìå, êîãäà Ω = 0 è k⊥ = 0 . Â ýòîì ñëó÷àå îðìóëó (4) ìîæíî çàïèñàòü â
âèäå:
N(ω0, 0) ≈
(
χ(2)LE0ω0
2c
)2(
2F
pi
)2
, (5)
ãäå F = pic/(∆ΩL)  ðåçêîñòü ðåçîíàòîðà, ∆Ω = 2γ  ïîëóøèðèíà ëèíèè ðåçî-
íàòîðà. Òàêèì îáðàçîì, ÷èñëî îòîíîâ íà ìîäó îêàçûâàåòñÿ ïðîïîðöèîíàëüíûì
ðåçêîñòè ðåçîíàòîðà â êâàäðàòå. Èñïîëüçóÿ òèïè÷íûå çíà÷åíèÿ âåëè÷èí, âõîäÿ-
ùèõ â îðìóëó (5), à èìåííî: F = 100 , L = 1 ñì, χ(2) = 10−12 ì/Â, λ = 650 íì,
134 À.À. ÊÀËÀ×Â È Ä.
èíòåíñèâíîñòü èçëó÷åíèÿ íàêà÷êè, ðàâíóþ 1 ìÂò/ìì2 , ïîëó÷àåì N ≈ 1.8 · 10−6 ,
÷òî íà òðè ïîðÿäêà áîëüøå, ÷åì ïðè òåõ æå óñëîâèÿõ, íî áåç ðåçîíàòîðà.
2. Ýêñïåðèìåíò
Áëîê-ñõåìà ýêñïåðèìåíòàëüíîé óñòàíîâêè ïîêàçàíà íà ðèñ. 1. ÑÏ â âûðîæ-
äåííîì êîëëèíåàðíîì ðåæèìå ñ ñèíõðîíèçìîì òèïà I âîçáóæäàëîñü íåïðåðûâíûì
èçëó÷åíèåì ãåëèé-êàäìèåâîãî ëàçåðà â êðèñòàëëå LiIO3 , êîòîðûé áûë ïîìåùåí â
ðåçîíàòîð ÏÑ COPO 2200A äëèíîé L = 55 ìì. Èçëó÷åíèå íàêà÷êè ïðîõîäèëî
÷åðåç èëüòð ÓÔÑ1 è äèàðàãìó Ä, ÷òîáû èçáàâèòüñÿ îò ñïîíòàííîãî èçëó÷åíèÿ
è ïàðàçèòíûõ çàñâåòîê. Ïîëÿðèçàöèÿ íàêà÷êè ïîâîðà÷èâàëàñü íà 90◦ ñ ïîìîùüþ
àçîâîé ïëàñòèíêè λ/2 . Ïîñëå ðåçîíàòîðà èçëó÷åíèå íàêà÷êè îòâîäèëîñü ñåëåê-
òèâíûì çåðêàëîì Ç5 â ïîãëîòèòåëü. Ôèëüòð ÆÑ11 îòñåêàë îñòàòêè íàêà÷êè, à
èíòåðåðåíöèîííûé èëüòð ÈÔ ñ öåíòðàëüíîé äëèíîé âîëíû 650 íì âûäåëÿë ïî-
ëîñó èç ñïåêòðà ÑÏ øèðèíîé 10 íì. Íà íåïîëÿðèçàöèîííîì 50%-íîì ñâåòîäåëèòå-
ëå ñèãíàëüíûé è õîëîñòîé îòîíû ðàñõîäèëèñü â ðàçíûå êàíàëû èíòåðåðîìåòðà
Áðàóíà Òâèññà. Äèàðàãìû Ä âûäåëÿëè ïðîñòðàíñòâåííûå ìîäû, à îáúåêòèâû Î
îêóñèðîâàëè èçëó÷åíèå íà ëàâèííûå îòîäåòåêòîðû ÔÄ (SPCM Perkin Elmer
AQR-14FC) ñ íèçêèì òåìíîâûì øóìîì, îêîëî 100 ö. Ñ îòîäåòåêòîðîâ ýëåêòðè-
÷åñêèé ñèãíàë ïîñòóïàë íà ñõåìó ñîâïàäåíèé ÑÑ, èìåþùóþ âðåìÿ ðàçðåøåíèÿ 3 íñ.
èñ. 1. Ýêñïåðèìåíòàëüíàÿ óñòàíîâêà äëÿ íàáëþäåíèÿ ñïîíòàííîãî ïàðàìåòðè÷åñêîãî ðàñ-
ñåÿíèÿ â ðåçîíàòîðå: ÓÔÑ1, ÆÑ11, ÈÔ  èëüòðû, Ä  äèàðàãìû, Ç1, Ç2  ¾ãëóõîå¿ è
âûõîäíîå çåðêàëà ðåçîíàòîðà, Ç3Ç5  ñåëåêòèâíûå çåðêàëà äëÿ ââîäà è âûâîäà èçëó÷åíèÿ
íàêà÷êè, ÔÄ  ëàâèííûå îòîäèîäû, CC  ñõåìà ñîâïàäåíèé
Íà ðèñ. 2 ïðåäñòàâëåíà èçìåðåííàÿ íàìè êîððåëÿöèîííàÿ óíêöèÿ âòîðîãî
ïîðÿäêà, ãäå âèäåí ñïàä ïîñëå îñíîâíîãî ìàêñèìóìà, ñîîòâåòñòâóþùèé âðåìåíè
æèçíè îòîíà â äàííîì ðåçîíàòîðå. Çäåñü ñëåäóåò îòìåòèòü, ÷òî â ñëó÷àå íèçêîé
äîáðîòíîñòè ðåçîíàòîðà ÑÏ ìîæåò áûòü íàñòîëüêî øèðîêîïîëîñíûì, ÷òî äëè-
íà êîãåðåíòíîñòè ðîæäàþùèõñÿ îòîíîâ áóäåò ìåíüøå äëèíû ðåçîíàòîðà. Â ýòîì
ñëó÷àå áèîòîíû áóäóò ìíîãîêðàòíî îòðàæàòüñÿ îò çåðêàë ðåçîíàòîðà, à êðèâàÿ
ñïàäà êîððåëÿöèîííîé óíêöèè áóäåò èìåòü âèä ïîñëåäîâàòåëüíîñòè ïè÷êîâ. Îä-
íàêî â íàøåì ñëó÷àå, äàæå ïðè íàëè÷èè ïè÷êîâ, ðàçëè÷èòü èõ íåâîçìîæíî â ñèëó
òîãî, ÷òî ðàçðåøàþùåå âðåìÿ ñõåìû ñîâïàäåíèé (3 íñ) çíà÷èòåëüíî áîëüøå âðåìåíè
îáõîäà ðåçîíàòîðà (≈ 0.4 íñ).
Çàêëþ÷åíèå
Èñïîëüçîâàíèå ÑÏ â ðåçîíàòîðå ïåðñïåêòèâíî äëÿ ïîëó÷åíèÿ êàê îäèíî÷íûõ,
òàê è êîððåëèðîâàííûõ îòîíîâ, èìåþùèõ ñïåêòðàëüíóþ øèðèíó ïîðÿäêà øè-
ðèíû ðåçîíàòîðíîé ëèíèè. ×èñëî îòîíîâ íà ìîäó ðàññåÿííîãî ïîëÿ âîçðàñòàåò
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èñ. 2. Êîððåëÿöèîííàÿ óíêöèÿ âòîðîãî ïîðÿäêà ïîëÿ èçëó÷åíèÿ ÎÏ íèæå ïîðîãà
ãåíåðàöèè
ïðè ýòîì ïðîïîðöèîíàëüíî êâàäðàòó ðåçêîñòè ðåçîíàòîðà. Óâåëè÷åíèå âðåìåíè
æèçíè îòîíîâ â ðåçîíàòîðå äî âåëè÷èí ïîðÿäêà 10−7 ÷ 10−6  ïîçâîëÿåò ãå-
íåðèðîâàòü îòîíû, ïðèãîäíûå äëÿ çàïèñè è ñ÷èòûâàíèÿ â ñèñòåìàõ êâàíòîâîé
ïàìÿòè, èñïîëüçîâàòü íàíîñåêóíäíûå èìïóëüñû íàêà÷êè ïðè ïîëó÷åíèè ïåðåïó-
òàííûõ äâóõîòîííûõ ñîñòîÿíèé, à òàêæå ïðîâîäèòü íåïîñðåäñòâåííûå èçìåðåíèÿ
êîððåëÿöèîííîé óíêöèè ïîëÿ âòîðîãî ïîðÿäêà.
àáîòà âûïîëíåíà ïðè èíàíñîâîé ïîääåðæêå ÔÔÈ (ïðîåêòû  06-02-16169,
07-02-00883, 08-02-00032, 08-02-90001-Áåë), Ôîíäîì ñîäåéñòâèÿ îòå÷åñòâåííîé íàó-
êå, ïðîãðàìì Ïðåçèäèóìà ÀÍ ¾Êâàíòîâàÿ ìàêðîèçèêà¿ è ÎÔÍ ÀÍ ¾Îïòè÷å-
ñêàÿ ñïåêòðîñêîïèÿ è ñòàíäàðòû ÷àñòîòû¿ è ¾Êîãåðåíòíûå àêóñòè÷åñêèå ïîëÿ è
ñèãíàëû¿, à òàêæå ãðàíòà Ïðåçèäåíòà Ô äëÿ ïîääåðæêè âåäóùèõ íàó÷íûõ øêîë
Ô (ÍØ-2965.2008.2).
Summary
A.A. Kalahev, D.A. Kalashnikov, A.A. Kalinkin, V.V. Samartsev, Yu.Z. Fattakhova,
A.V. Shkalikov. Generating Narrow-Band Biphotons in an Optial Parametri Osillator.
The problem of generating a narrow-band biphoton eld during spontaneous parametri
down-onversion of light in a quadrati nonlinear medium in a avity is disussed. The seond-
order orrelation funtion of the eld produed by the optial parametri osillator below
threshold is measured.
Key words: biphoton, spontaneous parametri down-onversion, avity.
Ëèòåðàòóðà
1. Êëûøêî Ä.Í. Ôîòîíû è íåëèíåéíàÿ îïòèêà.  Ì.: Íàóêà, 1980.  256 .
2. Tittel W., Weihs G. Photoni entanglement for fundamental tests and quantum
ommuniation // Quantum information and omputation.  2003.  V. 1, No 2.  P. 356.
3. Shih Y. Entangled biphoton soure  property and preparation // Reports on Progress
in Physis.  2003.  V. 66.  P. 10091044.
136 À.À. ÊÀËÀ×Â È Ä.
4. Hong C.K., Mandel L. Experimental realization of a loalized one-photon state // Phys.
Rev. Lett.  1986.  V. 56.  P. 5860.
5. Lvovsky A.I., Hansen H., Aihele T., Benson O., Mlynek J., Shiller S. Quantum state
reonstrution of the single-photon Fok state // Phys. Rev. Lett.  2001.  V. 87. 
P. 050402.
6. Pittman T., Jaobs B., Franson J. Heralding single photons from pulsed parametri down-
onversion // Opt. Commun.  2005.  V. 246.  P. 545550.
7. U'Ren A.B., Silberhorn C., Banaszek K., Walmsley A. Eient onditional preparation of
high-delity single photon states for ber-opti quantum networks // Phys. Rev. Lett. 
2004.  V. 93.  P. 093601.
8. Fulonis J., Alibart O., Wadsworth W., Russel P., Rarity J. High brightness single mode
soure of orrelated photon pairs using a photoni rystal ber // Opt. Express.  2005. 
V. 13.  P. 75727582.
9. Yabushita A., Kobayashi T. Spetrosopy by frequeny-entangled photon pairs // Phys.
Rev. A.  2004.  V. 69.  P. 013806.
10. Sarelli G., Valenia A., Gompers S., Shih Y. // Applied Physis Letters.  2003. 
V. 83, No 26.  P. 55605562.
11. Kalahev A.A., Kalashnikov D.A., Kalinkin A.A., Mitrofanova T.G., Shkalikov A.V.,
Samartsev V.V. Biphoton spetrosopy of YAG:Er
3+
rystal // Laser Physis Letters. 
2007.  V. 4.  P. 722725.
12. Lu Y.J., Ou Z.Y. Optial parametri osillator far below threshold: Experiment versus
theory // Phys. Rev. A.  2000.  V. 62.  P. 033804.
13. Wang H., Horikiri T., Kobayashi T. Polarization-entangled mode-loked photons from
avity-enhaned spontaneous parametri down-onversion // Phys. Rev. A.  2004. 
V. 70.  P. 043804.
14. Kuklewiz C.E., Wong F.N.C., Shapiro J.H. Time-Bin-Modulated Biphotons from Cavity-
Enhaned Down-Conversion // Phys. Rev. Lett.  2006.  V. 97.  P. 223601.
15. Neergaard-Nielsen J.S., Melholt Nielsen B., Takahashi H., Vistnes A.I., Polzik E.S. High
purity bright single photon soure // Opt. Express.  2007.  V. 15.  P. 79407949.
16. Sholz M., Wolfgramm F., Herzog U., Benson O. Narrow-band single photons from a
single-resonant optial parametri osillator far below threshold // Appl. Phys. Lett. 
2007.  V. 91.  P. 191104.
17. Gea-Banalohe J., Lu N., Pedrotti L.M., Prasad S., Sully M.O., Wodkiewiz K.
Treatment of the spetrum of squeezing based on the modes of the universe. I. Theory
and a physial piture. // Phys. Rev. A.  1990.  V. 41.  P. 369380.
Ïîñòóïèëà â ðåäàêöèþ
19.02.08
Êàëà÷¼â Àëåêñåé Àëåêñååâè÷  êàíäèäàò èçèêî-ìàòåìàòè÷åñêèõ íàóê, ñòàðøèé
íàó÷íûé ñîòðóäíèê Êàçàíñêîãî èçèêî-òåõíè÷åñêîãî èíñòèòóòà èì. Å.Ê. Çàâîéñêîãî Êàç-
ÍÖ ÀÍ.
E-mail: kalahevsamartsev.om
Êàëàøíèêîâ Äìèòðèé Àíäðååâè÷  àñïèðàíò Êàçàíñêîãî èçèêî-òåõíè÷åñêîãî
èíñòèòóòà èì. Å.Ê. Çàâîéñêîãî ÊàçÍÖ ÀÍ.
E-mail: dimonkhitv.ru
ÓÇÊÎÏÎËÎÑÍÛÅ ÁÈÔÎÒÎÍÛ 137
Êàëèíêèí Àëåêñàíäð Àëåêñàíäðîâè÷  êàíäèäàò èçèêî-ìàòåìàòè÷åñêèõ íà-
óê, íàó÷íûé ñîòðóäíèê Êàçàíñêîãî èçèêî-òåõíè÷åñêîãî èíñòèòóòà èì. Å.Ê. Çàâîéñêîãî
ÊàçÍÖ ÀÍ.
E-mail: kalinkinsamartsev.om
Ñàìàðöåâ Âèòàëèé Âëàäèìèðîâè÷  äîêòîð èçèêî-ìàòåìàòè÷åñêèõ íàóê, ïðî-
åññîð, çàâåäóþùèé ëàáîðàòîðèåé íåëèíåéíîé îïòèêè Êàçàíñêîãî èçèêî-òåõíè÷åñêîãî
èíñòèòóòà èì. Å.Ê. Çàâîéñêîãî ÊàçÍÖ ÀÍ.
E-mail: samartsevkfti.kn.ru
Ôàòòàõîâà Þëèÿ Çèííóðîâíà  ñòóäåíò êàåäðû îïòèêè è íàíîîòîíèêè Êàçàí-
ñêîãî ãîñóäàðñòâåííîãî óíèâåðñèòåòà.
E-mail: ulia_mail.ru
Øêàëèêîâ Àíäðåé Âèêòîðîâè÷  ìëàäøèé íàó÷íûé ñîòðóäíèê Êàçàíñêîãî
èçèêî-òåõíè÷åñêîãî èíñòèòóòà èì. Å.Ê. Çàâîéñêîãî ÊàçÍÖ ÀÍ.
E-mail: shkalikovmail.kn.ru
